Eosinophil chemotactic factor (ECF) was detected in the culture supernatant of isolated intact egg granulomas from the livers of Schistosoma japonicum-infected mice. This factor had an apparent molecular weight of 15,000 by high-pressure liquid chromatography with an SW3000 column and bound to concanavalin A-Sepharose 4B. When cells obtained by enzymatic digestion of isolated granulomas were cultured under the presence of soluble egg antigen of S. japonicum or concanavalin A, ECF was also detected in the conditioned medium. The physicochemical nature of the ECF produced by concanavalin A-stimulated granuloma cells was similar to that produced by isolated intact granulomas. The ECF-producing activity of the cells was abolished by pretreatment with anti-Thy-1.2 or anti-Lyt-1.2 monoclonal antibody and complement but not by anti-Lyt-2.2 antibody. Furthermore, nylon wool-passed, T-enriched granuloma cells required collaboration of syngeneic macrophages to produce ECF. These results suggest that Lyt-l-positive T cells in the granuloma could, in collaboration with macrophages, produce ECF and thereby attract eosinophils to this lesion.
Eosinophils are one of the major cellular constituents of granulomas formed around Schistosoma japonicum eggs deposited in the livers or intestines of infected hosts (15) (16) (17) . As to the mechanisms of the formation of eosinophil-rich granulomatous lesions, Warren et al. (17) proposed the possible importance of the immediate hypersensitivity reaction in the pathogenesis of schistosomiasis japonicum, which has been assumed to be different from that of schistosomiasis mansoni. Recently, however, involvement of T cells in the mechanisms of granuloma formation or modulation in schistosomiasis japonicum has been suggested by several workers (3, 4, 7, 11, 13) . In the present study, therefore, we have examined whether isolated intact granuloma or granuloma T cells could produce eosinophil chemotactic factor (ECF).
MATERIALS AND METHODS
Animals and infection. C57BL/6 mice were raised in our animal center under clean conventional conditions. Female mice 5 to 6 weeks old and weighing approximately 15 g at the time of infection were used throughout this series of experiments. They were infected intraperitoneally with 30 cercariae of S. japonicum (Japanese strain). Six weeks later, they were sacrificed with ether and cervical dislocation, and their livers were removed aseptically. In addition, livers obtained from mice during the late stage of infection (12 weeks) were used in experiment 1.
Antigen. Soluble egg antigen was prepared as described previously (9) .
Granuloma and granuloma cell cultures. The methods for isolation of granulomas and preparation of granuloma cells were as described by Wyler et al. (18, 19) with a slight modification in the procedure. In brief, the liver was suspended in 10 (vol/vol) in RPMI 1640 medium supplemented with 4 mM L-glutamine, 100 U of penicillin per ml, and 100 ,ug of streptomycin per ml without serum. A 50-ml sample of granuloma suspension, which contained approximately 100 granulomas per ml, was incubated for 24 h (unless otherwise indicated) in a 250-ml Falcon tissue culture flask at 37°C in a humidified atmosphere of 5% CO2 and 95% air. To obtain granuloma cells, isolated granulomas were suspended to 50% (vol/vol) in Hanks balanced salt solution containing 500 U of collagenase (type I; Sigma Chemical Co.) per ml and 0.1 mg of pronase (Kaken) per ml and incubated at 37°C for 30 min in a water bath with gentle shaking. Dissociated cells were harvested by passage through stainless steel mesh (no. 100). The cells were washed three times with Hanks balanced salt solution, and 1. fected by an oral administration of 1,000 Toxocara canis eggs. Twelve days after infection, they received an intraperitoneal injection of 1.5 ml of 10% proteose peptone. Peritoneal lavage was harvested 48 h later. By this method, more than 107 eosinophils were collected from one mouse, and the purity of eosinophils was 40 to 60%. The major contaminants were macrophages and neutrophils.
In vitro chemotaxis. Details of the methods of measuring in vitro chemotactic activity for eosinophils have been described previously (12) . Briefly, blind-well chambers (BioRad Laboratories) were equipped with membrane filters (Millipore Corp.) with a pore size of 3 ,um. They were filled with 0.2 ml of eosinophil-rich cell suspension in the upper compartment and 0.2 ml of each sample in the lower compartment. The chambers were incubated for 2 h at 37°C in a 5% C02-in-air environment. The filters were stained by the method of Litt (10) . All eosinophils which migrated between the upper and lower surface of the membrane were counted. Estimation of molecular weight. The apparent molecular weight of ECF was estimated by high-pressure liquid chromatography with an SW3000 column (0.75 by 70 cm; Toyo Soda). Aldolase (molecular weight, 158,000) bovine serum albumin (67,000), ovalbumin (43,000), a-chymotrypsinogen A (25,000), cytochrome c (13,000), and vitamin B12 (1, 355) were used as standards. They were purchased from Sigma, except vitamin B12 (from Nakarai).
Affinity chromatography. ConA-Sepharose 4B was packed in a column (0.7 by 12.5 cm) and equilibrated with ConA buffer (0.1 M acetate buffer [pH 6.0] containing 0.5 M NaCl, 1 mM CaCl2, 1 mM MnCl2, and 1 mM MgC92). Elution was carried out at a flow rate of 3.2 ml/h at 4°C, and 2.0-ml fractions were collected. Bound material was subsequently eluted with ConA buffer containing 0.2 M methyl-a-Dglucoside.
RESULTS
As a first experiment, isolated intact granulomas from mice undergoing the acute (6 weeks) or late (12 weeks) stage of infection were cultured, and the kinetics of ECF release in the conditioned medium was examined (Fig. 1) . ECF activity in the conditioned medium rapidly rose during first 8 h and then slowly increased with time up to 24 h (Fig. 1) . The ECF-producing activity of the granulomas obtained from mice at 6 weeks after infection was significantly (P < 0.01) higher than that obtained at 12 weeks.
When enzymatically dispersed granuloma cells were stimulated with various concentrations of specific antigen (soluble egg antigen) or ConA (Fig. 2) , the ECF activity released INFECT. IMMUN.
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To investigate physicochemical nature of the ECFs, the conditioned media obtained either from isolated intact granuloma or from granuloma cells stimulated by ConA were tested to determine their apparent molecular weight or their affinity for ConA. Figure 3 shows the results of molecular weight estimation by high-pressure liquid chromatography with the SW3000 column. The elution position of the major ECF activity in the conditioned medium of isolated intact granulomas was just before cytochrome c marker (Fig. 3A) . Thus, the calculated Mr was 15,000. The major ECF activity in the conditioned medium of ConA-stimulated granuloma cells was also detected at the same elution position (Fig. 3B) . When the conditioned medium of isolated intact granuloma culture was applied to a ConA-Sepharose 4B column, the major part of ECF activity was adsorbed to ConA and was eluted by the competitive sugar (Fig. 4A) . Similar results were obtained when conditioned medium of ConA-stimulated granuloma cells was applied to a ConA-Sepharose 4B column (Fig. 4B) .
To determine the cells responsible to ECF production, granuloma cells were treated with anti-Thy-1.2, anti-Lyt-1.2, or anti-Lyt-2.2 monoclonal antibody and complement before they were cultured with ConA. Anti-Thy-1.2 or anti-Lyt-1.2 treatment almost completely abolished the production of ECF, whereas anti-Lyt-2.2 treatment had no effect (Fig. 5) . When T cells were enriched from granuloma cells by passage through a nylon wool column, they were by themselves not able to produce ECF (Table 1) . A small proportion (1/100 to 1/20 by number) of syngeneic macrophages (C57BL/6) was required for the effective production of ECF by granuloma T 
DISCUSSION
The results reported here show that ECF activity is detected in the conditioned medium of the culture of intact granulomas isolated from the liver of S. japonicum-infected mice. When the kinetics of ECF production is considered, ECF production was higher at 6 weeks than at 12 weeks of infection (Fig. 1) . Similar to our study, decreased production of eosinophil stimulation promotor (ESP) in association with the modulation of granulomas in the chronic stage of infection has been reported (7) .
As the result of host response, an array of inflammatory cells surrounded schistosome eggs to form granulomatous lesions. Since S. japonicum eggs contain and release their own ECF (9, 12), there is a possibility that ECF released in the conditioned medium of intact granuloma culture is derived from eggs. This possibility is, however, unlikely because the Mr of egg-derived ECF (>900,000) is much higher (12) than that of granuloma-derived ECF (15,000). The physicochemical nature of ECF produced by intact granulomas is rather similar to that produced by the cells isolated from granulomas ( Fig. 3 and 4) . Thus, granuloma-derived ECF seems to be produced by these cells of these granuloma cells to produce ECF also supports this idea.
In the present study syngeneic macrophages, but not allogeneic ones, are required for the effective production of ECF from granuloma T cells. H-2-restricted interaction of T cells and macrophages in lymphokine production has already been reported (1) . Furthermore, recently Hirashima et al. (8) reported that heat-labile soluble factors termed ECF-potentiating factor with potentiating activity for ECF production by T cells are produced from macrophages by ConA stimulation. Whether such factor-mediated cooperation of macrophages and T cells is operating in our system should be clarified in the future.
The early work of Colley et al. (reviewed in reference 5) shows that ESP with an Mr of 30,000 is produced by spleen cells of Schistosoma mansoni-infected mice. Wadee and Sher (14) also reported that mononuclear cells obtained from Schistosoma haematobium-infected patients could produce soluble eosinophilotactic factors, which have physicochemical similarity to ESP. Since the Mr of ECF reported here is smaller than that of ESP, the possibility that our ECF is a subunit or partially degradated product of ESP should be further examined. Whatever the relationship between our ECF and ESP, such a difference may be related to the different expression of pathological changes among infections with various Schistosoma species.
Concerning the mechanisms of granuloma formation around deposited eggs in schistosomiasis, the possible importance of delayed hypersensitivity was first demonstrated by Boros and Warren (2) in schistosomiasis mansoni. Recently the regulatory role of T cells in the formation or modulation of granulomatous response in schistosomiasis japonicum has also been demonstrated by several workers (3, 4, 7, 11, 13) , although the possible importance of immediate hypersensitivity has been proposed by Warren et al. (17) . The present results add evidence suggesting the possible importance of T cells on the mechanisms of granuloma formation in schistosomiasis japonicum. In the present study, the surface phenotype of ECF-producing T cells was Thy-1.2 positive and Lyt-1.2 positive. Related to this, Doughty and Phillips (6) reported that, by using in vitro model, granuloma formation in schistosomiasis mansoni is dependent on a population of Lyt-1-positive Qal+ cells. Thus, in both schistosomiasis mansoni and schistosomiasis japonicum, Lyt-1-positive T cells seem to play an important role in pathogenesis. Perhaps both immediate and delayed hypersensitivity reactions are, in one way or other, cooperating to form the granulomatous response around deposited eggs in schistosomiasis japonicum.
